In an experiment on the growth of Neurospora crassa a wide zone of inhibition was observed on the surface of agar surrounding a contaminating bacterial colony. The heat-resistant contaminant was isolated and labeled UB1. A few preliminary experiments indicated that the inhibition was of such a drastic nature as to warrant further investigation.
was observed on the surface of agar surrounding a contaminating bacterial colony. The heat-resistant contaminant was isolated and labeled UB1. A few preliminary experiments indicated that the inhibition was of such a drastic nature as to warrant further investigation.
Because the 24-hour growth of UB1, after being streaked across an agar plate, completely inhibited the growth of several strains of Neurospora which were inoculated about 3 or 4 cm away, it was suspected that the inhibiting factor may be a gas. In order to test this point the following experiment was performed: The base of a petri dish, 7.5 cm in diameter, was sterilized inside a 10-cm petri dish so that two surfaces of agar completely separated by glass could be prepared as shown in figure 1. Such surfaces were prepared with Fries medium (Ryan, Beadle, and Tatum, 1943) containing 0.5 per cent "casamino" acids and 2 per cent agar. A culture of UB1 was streaked on surface A and allowed to grow at 25 C for 40 hours. A wild-type strain of Neurospora crassa, 1A, was then inoculated onto the agar contained in the central petri dish (B). Inhibition of mold growth was again observed, whereas control plates which had not been streaked with UB1 permitted luxuriant growth of Neurospora. Consequently, it was necessary to conclude that UB1 produced some substance which pased through the air over the edge of the inner petri plate.
In a similar fashion it was shown that 8 other strains of Neurospora, including biochemical mutants, could be inhibited by UB1. In one experiment, although NeuroSPOra was inhibited, the agar in the central plate (B) posseed deep agar colonies of a new contaminating bacterium. In a control plate, which had not been inoculated with either UB1 or Neurospora, no such colonies appeared. One of these new contaminating colonies was isolated (called UB2), and cultures of it were introduced into the agar in region (B) of the double petri plate. Here it grew only when strain UB1 was streaked around it in region A. Thus strain UB1, in addition to producing a gaseous inhibitor of Neurospora, produces a gaseous substance which enables the growth of UB2. These gases may, of course, be the same.
The pH of the agar medium we had been using was 5.6 and optimum for the growth of Neurospora. It was observed in some control plates, which contained UB1 in region A but no other organism, that the pH of the central agar rose to between 7 and 8. Consequently, UB1 produces an alkaline gas which can raise the pH of the agar. This accounts for the inhibition of Neurospora, whose rate of growth decreases rapidly with a change in pH from 6.5 to 8.0 (Ryan, Beadle, and Tatum, 1943) . In order to determine whether the change in pH of the agar was also responsible for the growth of UB2, this strain was grown m liquid 0.5 per cent casamino acids (Fries) at a series of different hydrogen ion concentrations. At pH's of 5, 6, and 9 it failed to grow; only pH's of 7 and 8 supported growth. This property accounts for the stimulation of the growth of UB2 by UB1, but the nature of the alkaline gas produced by the Tatter organisms remained to be determined.
Since UB1 also changes the pH of the medium on which it grows to about 8, ammonia gas can be suspected as the agent. In the following experiments, the agar in region A of the double plates was brought to pH 7 because better growth of UB1 occurred there than at pH 5.6. Also for better growth a temperature of 37 C was used. All these experiments were controlled by double plates containing UBI in region A alone, UB2 in region B alone, UB1 in region A and UB2 in region B, and, finally, no organisms in either region. It was found that raising the pH of the central agar in B to 7 by either sodium hydroxide or ammonium hydroxide resulted in the growth of UB2 in the absence of UB1. In order to demonstrate that UB1 produces gaseous ammonia, a culture was streaked on the agar in region A, while region B, instead of agar and UB2, contained 10 ml of 0.05 N sulfuric acid. After UB1 had grown for 24 hours, the sulfuric acid solution was examined for ammonia with Nessler's reagent. About 1.22 mg of ammonia was found, whereas about 1.3 mg are required to raise the pH of the buffered Fries medium from 5.6 to 7.5. It therefore appears that the gaseous ammonia produced by UB1 is sufficient to account both for the stimulation of UB2 and the inhibition of Neuro8pora.
The ammonia produced by UB1 is undoubtedly derived from the amino acids in the casamino medium. UB1 will not use nitrate or ammonium ions as a nitrogen source, nor will UB2. The latter strain, at a pH of 5.6, will not use amino acids either, but will grow at that pH if tryptose is added. These two strains of bacteria differ in other respects; UB1 grows much more vigorously on all the media we have tried, it forms a pellicle on liquid, and its cells are shorter and thinner than those of UB2 (length of UTB1, 2 to 2.5 p; of UB2, 3 to 4 ,u. Both strains, however, consist of motile, aerobic, gram-positive rods which form central spores. These spores are, in both cases, very resistant to heat and will withstand boiling for 10 minutes. In addition, UB1 will grow on tryptose at 55 C, although apparently no better than at 37 C. The two strains have not been characterized further but appear to belong to the Bacilus subtilis group. The production of ammonia by members of this group has been reported by Cook and Woolf (1928) .
SUMMARY
A bacterial strain, secured from a plate contaminant, is able to produce ammonia gas in such amounts as to change the pH of buffered agar some distance away. This behavior can result in the complete inhibition of the growth of the mold, Neurospora crassa, and, in addition, can enable the growth of a second strain of bacteria with a demanding pH requirement.
